Evidence for topographical analogy between methionine-enkephalin and morphine derivatives.
Analogues of the endogenous opiate-receptor ligand [5-methionine]enkephalin (H-Tyr-Gly-Gly-Phe-Met-OH) were designed and synthesized for the purpose of testing the proposed similarity in spatial structure between this peptide and morphine derivatives. In the bioassay (inhibition of electrically induced contractions of the mouse vas deferens) [1-O-methyltyrosine,5-methionine]enkephalin, [1-N-methyltyrosine,5-methionine]enkephalin, [4-tryptophan,5-methionine]enkephalin, and [5-methionine sulfoxide]enkephalin possess, respectively, 0.4, 21, 27, and 67% activity of [5-methionine]enkephalin. These morphinomimetic activities correlate well with the opiate receptor affinities determined by displacement of [3H]naloxone in a guinea pig brain membrane preparation. The effects of O-methylation of the tyrosine residue and N-methylation of the terminal amino group on biological activity and receptor affinity support the hypothesis that the latter two moieties in the peptide correspond to the phenol group and the tertiary nitrogen, respectively, in morphine. Determination of the efficiency of energy transfer from tyrosine in position 1 to tryptophan in position 4 in [4-tryptophan,5-methionine]enkephalin from both tyrosine fluorescence quenching and relative enhancement of tryptophan fluorescence by means of a modified procedure permitted the calculation of an average intramolecular tyrosine-tryptophan separation of 10.0 +/- 1.1 A. Inspection of CPK models showed excellent agreement between this value and both the intrafluorophore distance in the 4 leads to 1 and 5 leads to 2 hydrogen bonded betaI-bend models of [4-tryptophan,5-methionine]enkephalin (9-11 A) and the phenol-phenyl separation in the potent morphine derivative 7alpha-(1(R)-hydroxy-1-methyl-3-phenylpropyl)-6,14-endo-ethenotetrahydrooripavine (8-10.5 A). The ensemble of these findings suggests an analogous topography for [5-methionine]enkephalin and morphine-oripavine derivatives.